positivity [pride] ; Harris & Fiske, 2006) . Social stimuli carry valence, and positive social stimuli engage evaluative mechanisms associated with positive affect under other conditions (Fiske & Taylor, 2008) .
On the other hand, another social neuroscience study has strongly argued for the MPFC's role in social perception, even when affect is less obviously involved. Participants were asked to attribute behavior to a target person's disposition, to some situational variable, or to a combination of factors (Harris et al., 2005) . This study, an imaging replication of an established social psychological paradigm (see Kelley, 1969; McArthur, 1972) , presented sentences describing negative, positive, and neutral behaviors of a target. Additional information next specified the behavior's social conformity, its consistency, and its target's distinctiveness. The combination of information that led to a dispositional attribution about the person performing the behavior (low conformity, high consistency, or low distinctiveness) also increased MPFC activity in a region superior to the pACC, whereas the combination of information that led to a situational or complex attribution decreased activity in this region of the MPFC. Dispositional information also activated other ToM neural areas. In addition, a replication of this paradigm, using objects instead of people, did not show MPFC activation for dispositional information, although the behavioral result was comparable (Harris & Fiske, in press ). Thus, evidence from this and other studies of ToM suggest that at least some regions of the MPFC are responsive to social information independently of evaluation. Thus, the question remains whether regions of the MPFC engaged in social tasks reflect functions involved in the processing of social information as such or a more general role of the MPFC in evaluation that includes social information.
Regional Distinctions Within the MPFC
The foregoing considerations suggest that the MPFC may comprise subregions that code different types of information. Amodio and Frith (2006) have suggested a scheme for dividing the MPFC into subregions that may be relevant to such functional distinctions. In the present article, we will use the Amodio and Frith scheme, with an important additional distinction. Accordingly, we distinguish between three regions of the MPFC: the posterior rostral medial prefrontal cortex (prMPFC), the anterior rostral medial prefrontal cortex (arMPFC), and the orbital medial prefrontal cortex (oMPFC). The prMPFC and arMPFC share an oblique boundary at Talairach y  15, z  15 to y  45, z  45, whereas the arMPFC and oMPFC share the Talairach boundary z  2.
In addition, we identify the pACC as a distinct region within the MPFC. It is subsumed as part of the arMPFC, using the Amodio and distinctions, but is distinguished from more superior and anterior parts of the arMPFC. We make this additional distinction because of findings in the literature identifying the pACC as active in both social cognition and reward paradigms. The location of this pACC region of interest (ROI) is based on previous studies implicating this region in reward processing (Knutson, Adams, Fong, & Hommer, 2001; McClure et al., et al., 2004) . One might argue that rewards are often socially determined (money is an arbitrary symbol; foods are culturally determined as pleasant or not). And rewards are often conveyed socially-that is, delivered by other people. However, it seems unlikely that responses to the automated delivery of primary rewards (such as juice) in simple conditioning tasks reflect social, rather than more basic, evaluative processes.
How then to interpret the persistent activation of the MPFC in social, as compared with nonsocial, conditions in such a wide array of tasks? Perhaps reward circuitry, including regions within the MPFC, responds to social stimuli because most carry intrinsic reward. Indeed, the social cognition literature strongly suggests this; most people perceive themselves and others as positive by default (Fiske, 2004, pp. 23-24; Kwan, John, Kenny, Bond, & Robins, 2004; Matlin & Stang, 1978; Sears, 1983; Taylor & Brown, 1988) . Of course, not everyone is perceived positively. But consistent with the link of the MPFC to positive social stimuli, the most extremely negative outgroups actually reduce MPFC activity (Harris & Fiske, 2006) . Nevertheless, positive expectations are clearly the typical baseline. For example, people evaluating most other people will use only the top half of a rating scale. In social contexts, negative people and behavior stand out and receive disproportionate attention and weight (Fiske, 1980) . Thus, social stimuli may be a pervasive type of positive reward, activating a key component of the reward circuitry including regions within the MPFC.
Another explanation for responses in the MPFC to both social and reward-related stimuli may be that different regions within the MPFC participate in distinct circuits that serve different types of evaluative processing, some specifically social and some broader. Indeed, social manipulations typically do not engage other reward-related areas, such as the ventral striatum, and reward manipulations do not reliably engage other socially relevant areas, such as the amygdala, STS, fusiform temporal gyrus, and precuneus. Thus, social and broader evaluative circuits may engage neighboring but distinct regions within the MPFC.
A prior social neuroscience study has provided evidence for positive social affect as activating the MPFC, and it motivated our paradigm here. Social groups systematically differentiate along two primary and universal dimensions of person perception (warmth and competence; Fiske, Cuddy, & Glick, 2007) . The most extremely negative groups (e.g., homeless people), low on both dimensions, generate no positive affect but, instead, the basic negative emotional reaction of disgust (Fiske, Cuddy, Glick, & Xu, 2002) . As has been noted, these extremely negative social groups also do not generate MPFC activity significantly above a fixation baseline, unlike all other social groups. Activation of regions of the MPFC even for groups that have mixed (some negative, some positive) aspects is equivalent to that for the most positive groups (e.g., ingroups). The low-low outgroups elicit dramatically reduced MPFC activity in this region, as compared with all social groups that are positive on at least one dimension (the other groups also generate exclusively social emotions: either ambivalence [envy and pity] or outright legra head-dedicated MR scanner. A Dell computer projected images onto a screen mounted at the rear of the scanner bore, which the participants viewed, while supine, through a series of mirrors. Prior to the functional echo planar image (EPI) acquisitions, the subjects received a short series of structural MRI scans to allow for subsequent functional localization. These scans took approximately 12 min and included (1) a brief scout for landmarking and (2) a highresolution (0.5  0.5  1.0 mm) T1-weighted anatomical image whole-brain MPRAGE sequence for later localization and intersubject registration. Functional imaging then proceeded using an EPI sequence that allowed for whole-brain coverage (thirty-two 3-mm axial slices; 1-mm gap; TR, 2 sec; TE, 30 msec). In-plane resolution was 3  3 mm (196-mm FOV, 64  64 matrix).
Procedure
The participants were instructed before scanning that they would lie in the scanner while pictures of different people and objects appeared on the screen. Their task was simply to look at the pictures and make simple judgments (described below).
Pictures appeared on the screen for 500 msec. The short display time was chosen to prevent the participants from looking away from the negative pictures. A red fixation cross separated each picture and remained on the screen for 11 sec. One second before a picture appeared, the fixation cross would turn from red to green. The green fixation cross cued the participant, and a picture appeared.
The participants performed one of two tasks while looking at the pictures. In the social judgment task, the participants indicated whether the picture was a person or not a person. In the evaluative judgment task, the participants indicated whether the picture was positive or negative. Tasks appeared in a separate random sequence for each participant. They were encouraged to respond as quickly as possible after each stimulus presentation. The participants responded by pressing the corresponding key on a button box in their right hand. A cue screen at the beginning of each task assigned keys to their corresponding responses. Assignment of options to index and middle buttons was counterbalanced across tasks.
A run consisted of both tasks, counterbalanced across participants. A cue screen at the beginning of the task signaled the current task to the participant. Twelve stimuli were then presented, randomly selected from the pool of 60. At the midpoint of each run, a second cue screen appeared, signaling to the participant that the second task was about to begin and once again assigning the keys to the corresponding responses. Twelve more pictures, randomly selected with replacement, then appeared. Each participant completed five runs, viewing and responding to each picture once in each task. Pictures appeared at most once in each task and each separate run.
Data Analysis
Data preprocessing and statistical analysis used AFNI (Cox, 1996) . Preprocessing consisted of slice time correction using the Fourier method, rigid-body 3-D motion correction using Fourier interpolation, and spatial smoothing with a 6-mm full-width half maximum Gaussian kernel. The functional data were then aligned with the anatomical data. First, the functional data were rotated to the same angle as the anatomical data before the functional data were shifted in three dimensions to find the best fit. Spatial normalization was done using the automatic AFNI program @auto_tlrc, which normalized the images and data to Talairach space (Talairach & Tournoux, 1988) .
Statistical analyses were performed using a general linear model (GLM) in which the event-related design was modeled using a canonical hemodynamic response function. The GLM consisted of 14 regressors: 2 tasks (social or evaluative)  2 types of stimuli (people or objects)  2 valence (positive or negative), plus 6 regressors estimating the movement history. This analysis was performed on each participant's data set individually. The contrast between parameter estimates for different events within each participant were submitted to a group analysis (ANOVA) that treated the variability between participants as a random effect. Statistical parametric maps were derived from the resulting t values associated with each voxel.
2004; Nieuwenhuis et al., 2005; O'Doherty, Kringelbach, Rolls, Hornak, & Andrews, 2001; O'Doherty et al., 2003) and social cognition (Gallagher & Frith, 2002 , McCabe et al., 2001 Rilling et al., 2004; Sanfey, Rilling, Aronson, Nystrom, & Cohen, 2003) . The ROI consists of 33 voxels in a sphere centered at Talairach coordinates x  0, y  44, z  12.
Evaluative and Social Cognition Predictions
The aim of the experiment was to dissociate social and evaluative processes in the MPFC. We hypothesize that the MPFC comprises distinct regions that respond differently to social and nonsocial valenced information. The pACC should distinguish between positive and negative valence irrespective of social content, consistent with the role of the pACC in reward processing noted above. However, because people are a common source of positive affect, as has been noted, we predicted a greater attunement to people's reward value and, therefore, a greater differentiation of positive-negative valence for people, rather than objects, in other areas of the MPFC. We also predicted that regions of the MPFC superior to the pACC would differentiate the valence of only social stimuli, consistent with the social neuroscience literature (see Harris et al., 2005) . Finally, we examined the MPFC in two separate tasks, a person perception task and an evaluative one, to assess potential differences due to task context.
METHoD Participants
Twelve participants completed the imaging study for $30. All the participants were undergraduate students at Princeton University. The mean age for the sample was 19.5 years, with 7 females and 4 students of Black, Asian, or mixed descent. All the participants were right-handed and had no history of neurological disorders or brain trauma.
Stimuli
The task involved looking at positive and negative pictures of persons and objects. Pictures of objects were taken from the International Affective Picture System (IAPS; Lang & Bradley, 1994 ). An equivalent number of positive and negative pictures of objects were selected from the 40 highest valence and lowest valence pictures. The 30 selected pictures received the highest and lowest ratings on this bipolar valence dimension (see Lang & Bradley, 1994) . Pictures were omitted from this group if they contained people or repeated a previous object from another angle.
Pictures of persons were taken from an unpublished social groups picture set used previously by two of the authors (see Harris & Fiske, 2006) . Each photograph depicted an individual easily identified as belonging to a social category pretested for valence. Those pictures that elicit the basic negative emotion (disgust) were characterized as negative person pictures throughout this study. Other social group pictures are relatively more positive (they elicit at least partially positive social emotions of pride, envy, and pity) and are characterized as positive person pictures. 1 All the pictures were otherwise randomly chosen from the larger database.
Stimuli varied in target size and picture quality, but these differences were evenly distributed across the positive-negative and person-object distinctions.
Scanning Parameters
All fMRI scanning was conducted at Princeton's Center for the Study of Brain, Mind, and Behavior, using a 3.0-tesla Siemens Al-Stimulus  valence interaction. If some regions of the MPFC selectively respond to social evaluative information, these should show significantly more activity to positive than to negative persons, but less or no difference for objects, across tasks. To assess this, we tested for a stimulus  valence interaction-that is, the effect of valence compared within persons and objects. One area of the arMPFC was more active to positive people than to negative people [t(11)  3.02, p  .01, at x  11, y  45, z = 27; 11 voxels; see Figure 1A ] but did not show this valence effect for objects [t(11)  0.44, p  .67, n.s.]. This suggests that at least one area of the MPFC is sensitive to the qualitative difference between target people who elicit more basic negative emotions and those who elicit more complex positive social emotions (see Table 1 for other active neural regions for this contrast). In contrast, no area of the MPFC was selectively sensitive to the difference between positive and negative objects, although other brain regions beyond the MPFC did show this form of the stimulus  valence interaction (see Table 2 ). In addition, the activation to positive persons was significantly greater than the activity for both positive and negative objects, whereas the activity for negative persons was significantly less than that for negative objects across tasks.
Within task, both the person judgment task and the evaluative task revealed a similar pattern: Activity in the arMPFC was greater to positive persons than to negative All reported statistics are significant at p  .01. Reported p values represent the mean p value of the voxels in the designated cluster. Only clusters with 10 or more contiguous voxels exhibiting activity significant above the p  .01 level were included. This combination of voxel-wise p value and extent thresholding reduced the effective per voxels false positive rate to family-wise α  .01 (Forman et al., 1995) . The locations of peak activity of the reported clusters are in Talairach coordinates.
We first performed whole-brain analyses designed to identify regions responsive to socially tuned comparisons: differences between positive and negative persons that are greater than those for objects and differences between persons and objects. We then performed an ROI analysis of the pACC. This analysis was guided by previous findings in the literature and allowed us to compare activity in this specific area of MPFC with those identified in the whole-brain analyses as socially tuned. By so doing, we could determine whether this region was sensitive to evaluative information (e.g., positive vs. negative stimuli) irrespective of social information and, thereby, could test the hypothesis that different regions of the MPFC respond to social versus nonsocial evaluative information.
RESuLTS

Whole-Brain Analyses
We will report only significant results from the threeway valence  stimulus type  task interaction. Lower order interactions and simple effects from nonsignificant three-way interactions will not be reported unless motivated by our a priori hypotheses. cant valence main effect, so that, across tasks and stimuli, positive stimuli elicited a stronger response than did negative stimuli ( Figure 2B ). There was no stimulus or task main effect. Similarly, in the evaluative task, the pACC was significantly more active to positive than to negative valence for both persons and objects (see Figure 2D) ; the valence difference for each stimulus type did not differ. 4
DiSCuSSion
An area of the arMPFC showed greater activity to positive persons than to negative persons but no such difference for positive and negative objects across both an evaluative and a social task. This region of the MPFC seemed to be socially tuned: It differentiated valence mainly of social stimuli, regardless of the participant's judgment task. At the same time, it seems to have been specifically tuned to valence (i.e., evaluative) information, inasmuch as it did not show activity in response to social versus nonsocial information when this was collapsed across valence.
Distinct from the arMPFC, the pACC showed a response to valence irrespective of stimulus type or task. This is consistent with findings from previous studies of reward and economic decision making, suggesting that this area is responsive to evaluative information across a broad range of domains.
Taken together, our findings suggest that different regions within the MPFC may be differentially tuned to different types of evaluative information, with the arMPFC responding specifically to valence differences in social, rather than nonsocial, stimuli and the pACC responsive to a broader general class of evaluative information. These findings suggest that affective evaluation may be a general function of the MPFC, with some areas showing greater domain specificity than do others.
persons, and the difference between positive and negative stimuli was larger for persons than for objects (see Figures 1C and 1D) . This replicates the social-tuning finding across tasks, in both social and evaluative contexts.
Stimulus factor main effect. To determine whether there are areas of the MPFC tuned to social information irrespective of evaluation, we tested for a person-object main effect (i.e., collapsed across stimuli and tasks). No area showed this main effect. Areas beyond the MPFC were more active for objects than for persons (see Table 3 ). This suggests that no area within the MPFC was particularly selective to social information independently of evaluation. 2
Para-Anterior Cingulate Roi Analysis
We examined a cluster of 33 voxels directly anterior to the horn of the cingulate to determine whether the area referred to as the pACC in neuroeconomic studies discriminated between persons and objects of positive and negative valence (Figure 2A) . 3 We did not observe a significant stimulus  valence interaction in this ROI, nor was the three-way interaction with task significant. There was, however, a signifi- Note-All reported statistics are significant at p  .01, and all reported clusters contain at least 10 contiguous voxels. There were no regions significantly more active for the opposite comparison. Note-All reported statistics are significant at p < .01, and all reported clusters contain at least 10 contiguous voxels.
However, this is a very different type of task than simply indicating valence. Our study indicates that the task context is relevant for identifying social regions of the MPFC, which suggests that social regions may be regions specific to schema matching. Schema matching indeed is a prominent form of social cognition. People seek to make sense of other people, and the use of schemas or mental representations of categories is a useful way to do so (Fiske & Taylor, 2008) . Therefore, neural regions that respond to social cognition may be areas that more broadly respond to matching a stimulus to a mental representation. However, further studies are necessary to dissociate other forms of mental representation matching from social cognition.
Responses within the arMPFC may reflect a multiplicative effect of social information on the processing of valence. This is consistent with the notion that the more anterior and superior areas of the MPFC may calculate more social functions-themselves a type of positive stimuli or value. Presently, the literature makes a ventral-dorsal distinction within the MPFC, asserting that more ventral areas support thinking about the self, whereas more dorsal regions support thinking about others (Mitchell, Macrae, & Banaji, 2006; Ochsner et al., 2005) . In particular, taskdependent MPFC activations during self and other referential thinking suggest that the MPFC mediates metacogniAlthough we identified patterns of MPFC activity that correlated with the social and nonsocial nature of the task stimuli, our conclusions may not apply to social cognition directly. In particular, the findings may have resulted from cognitive processes that are required for social cognition but that may not be considered central to social cognition itself. To properly perform in the social task, participants decide whether the stimulus presented is a person or not a person. To properly perform this task, participants must have active a cognitive concept or schema of what a person is and must match that concept or schema to the stimuli before them. If there is a match, the participant can respond person; if there is not a match, the participant can respond not a person. tive processes recruited for affective evaluation of the self and others (Ochsner et al., 2005) . These findings are also consistent with an affective evaluation role of the MPFC. However, the distinction suggested in the literature does not take into consideration a broader evaluative function of MPFC. As was discussed above, our data support the claim that task demands affect different regions of the MPFC differently. But our findings also suggest that the MPFC may not serve social functions in general and, as such, does not fit with the previous distinctions based simply on social functionality. Nevertheless, the socially tuned activation that we observed within the MPFC are anterior, like those described in the literature that are the basis for the ventral-dorsal distinction. Thus, it may be that the activations observed in these other studies reflect a social evaluative function consistent with what we observed in the present study.
Finally, it is worth noting that the role of the MPFC in affective evaluation fits well with the implication of the MPFC in cognitive control (e.g., Botvinick, Braver, Barch, Carter, & Cohen, 2001 ). In particular, recent research by Sugrue, Corrado, and Newsome (2004) has shown that regions of the MPFC integrate reward experience over the recent past. This provides a mechanism for calculating reward rate, which is a critical parameter for monitoring performance. Indeed, recent theories of cognitive control employ reward rate to control the recruitment of executive functions (Aston-Jones & Cohen, 2005) and the optimization of performance in simple decision-making tasks (Bogacz, Brown, Moehlis, Holmes, & Cohen, 2006) . 
